Single-nucleotide polymorphisms (SNPs) in the TNFSF4, TNFAIP3 and FAM167A-BLK genes have been associated with several autoimmune diseases. Associations of TNFSF4 and FAM167A-BLK with primary Sjogren's syndrome (pSS) have also been described in a Caucasian population. However, it remains unknown whether polymorphisms of TNFSF4, TNFAIP3 and FAM167A-BLK are associated with pSS in Han Chinese. This study aimed to determine whether SNPs in TNFSF4, TNFAIP3 or FAM167A-BLK genetically predispose a Chinese Han population to pSS. Ten SNPs in the TNFSF4 region (rs1234315, rs2205960, rs844648 and rs704840), the TNFAIP3 gene (rs5029939 and rs2230926) and the FAM167A-BLK region (rs7812879, rs2254546, rs2618479 and rs2248932) were genotyped in a cohort of 555 pSS patients and 597 healthy controls, by using the Sequenom MassArray system. Weak associations were observed when the SNPs in TNFSF4 (rs2205960, rs844648 and rs704840) and FAM167A-BLK (rs7812879, rs2254546 and rs2618479) were directly analyzed or analyzed under dominant model between pSS and controls (all Po0.05). However, when Bonferroni correction was applied to the multiple comparisons, all of the associations vanished, except for rs7812879 (Pa ¼ 0.045). The frequencies of alleles, genotypes and haplotypes of TNFAIP3 SNPs and rs2248932 of FAM167A-BLK were not significantly different between the pSS patients and controls. No epistatic interactions were found to exist between the SNPs examined. Unlike the SNPs in TNFAIP3 and TNFSF4, rs7812879 in FAM167A-BLK imparts susceptibility to pSS in a Han Chinese population. The differential genetic risk profiles from other autoimmune diseases may indicate differential molecular mechanisms underlying pSS pathogenesis in this group.
INTRODUCTION
Primary Sjogren's syndrome (pSS) is an autoimmune inflammatory condition that primarily affects middle-aged women. In China, incidence estimates range from 0.33 to 0.77%. 1 pSS manifests as lymphocytic infiltration into the exocrine glands and is characterized by the production of the anti-SSA and anti-SSB antibodies. Although pSS is generally considered a multi-factorial complex disease, the etiology of pSS remains largely unknown. However, based on knowledge of autoimmune diseases, it is believed that pSS development may be a result of interactions between immunological, hormonal, environmental and/or genetic factors. 2 Despite the prevalence of pSS being higher than any of the other autoimmune diseases, it remains one of the most understudied rheumatic disorders. 3 No genome-wide association studies of pSS are present in the publicly available literature databases. Likewise, studies of pSS candidate genes are relatively limited. 4 It is possible, however, to utilize the extensive knowledge of other autoimmune disorders that share pathogenic features with pSS to gain insight into the potential genetic complexity of pSS.
Several features of pSS are common to the well-studied systemic lupus erythematosus (SLE) autoimmune disease. Both diseases are characterized by female predominance, high titers of immunoglobulin (Ig) G, presence of rheumatoid factor, production of anti-SSA/SSB, activation of interferon pathways and lymphoid hyperplasia in target organs with large numbers of auto-reactive B cells producing antibodies locally. 5, 6 Like many of the autoimmune diseases, including SLE and rheumatoid arthritis, pSS epidemiological studies have shown that first-degree relatives of pSS patients have a higher incidence of the disease than unrelated individuals. 7 Furthermore, recent evidence strongly indicates that pSS is a polygenic disorder and likely shares common genetic determinants with related autoimmune diseases, such as SLE. 4 For example, the autoimmune diseaseassociated polymorphisms of STAT4 and IRF5 were found to be correlated with pSS. 8, 9 Two recent genome-wide association studies involving Chinese populations identified three single-nucleotide polymorphisms (SNPs) in the tumor necrosis factor ligand TNFSF4 (also known as OX40 ligand, OX40L and CD252) gene as risk factors of SLE; all three (rs1234315, rs2205960 and rs704840) lie upstream of the TNFSF4-coding region. 10, 11 Intriguingly, Nordmark et al. 12 found the rs1234315 SNP to be associated with pSS in a European population. The rs844648 SNP, which lies in the 5 0 untranslated region (UTR) of the TNFSF4 gene, was associated with SLE in Hong Kong Chinese 13 and with systemic sclerosis in European populations. 14, 15 Other studies of SLE and rheumatoid arthritis patients in multiple populations have revealed associations of both diseases with a nonsynonymous coding SNP, rs2230926, in the tumor necrosis factor-alpha-induced protein 3 (TNFAIP3), which is believed to mediate expression or activity of the A20 anti-inflammatory protein. 11, [16] [17] [18] Located in intron 2 of TNFAIP3, rs5029939 is correlated with SLE and some forms of systemic sclerosis. 19, 20 The FAM167A-B lymphoid tyrosine kinase (BLK) gene region has also been associated with SLE, 10, 11, 21 rheumatoid arthritis, 22, 23 systemic sclerosis 24, 25 and the anti-phospholipid syndrome. 26 Moreover, four SNPs in FAM167A-BLK (rs7812879, rs2254546, rs2618479 and rs2248932) were confirmed as risk factors for SLE by genome-wide association studies, including Chinese populations. 10, 11 Rs7812879 and rs2254546 are located in the intergenic region between the FAM167A-coding sequence and the BLK-coding sequence, whereas rs2618479 and rs2248932 lie in the intron region of BLK. The polymorphisms of FAM167A-BLK have also been confirmed as associated with pSS in a European population. 12 Considering the genetic overlap in the autoimmune diseases and the associations of these genes with pSS in other populations, we hypothesized that some of the related polymorphisms of TNFSF4, TNFAIP3 and/or FAM167A-BLK may also contribute to genetic susceptibility to pSS in a Chinese Han population.
MATERIALS AND METHODS

Patients and controls
This study was designed as a case-control, and all subjects (pSS, n ¼ 555; control, n ¼ 597) were unrelated and self-reported as Han Chinese. The study was approved by the Ethics Committee of the Peking Union Medical College Hospital before recruitment of study participants, which occurred between October 2008 and December 2011. All cases fulfilled the American-European consensus group classification criteria for pSS; 27 patients were denied study enrollment if other autoimmune diseases were present, suspected or previously diagnosed. As labial salivary gland biopsies are not routine in clinical practice, only patients testing positive for the antibodies (anti-SSA or anti-SSB, or both) by enzyme-linked immuno sorbent assay (ELISA) (Euroimmun AG, Lübeck, Germany) were enrolled. The healthy control subjects were recruited from healthy participants attending the same hospital for routine physical examination. Anti-SSA and anti-SSB screening confirmed that all healthy control group participants were negative for both antibodies. All study participants provided informed consent.
DNA extraction and genotyping
A 2-ml peripheral blood sample was collected from each study participant, and DNA was extracted from the harvested white blood cells (Bioteke, Beijing, China). The DNA of each participant was genotyped using Sequenom Technology (San Diego, CA, USA) of MassArray analysis with matrix-assisted laser desorption ionization-time-of-flight mass spectrometry. Primers for the multiplex PCR and for locus-specific extension were designed with the accompanying MassArray Assay Design 3.0 software (https://www.mysequenom. com). The multiplex PCR was performed in a 384 plate, and the amplicons were subsequently applied as template for the locus-specific extension reaction. The final products were desalted and spotted onto the 384-SpectroCHIP array (Sequenom Technology). Allele detection was carried out using matrix-assisted laser desorption ionization-time-of-flight mass spectrometry, and the resultant mass spectrograms and genotype data were analyzed by the accompanying MassArray Typer software.
Statistical analysis
The 10 SNPs were tested for Hardy-Weinberg equilibrium (HWE) in control populations using w 2 -test. Any SNPs that deviated from HWE (Po0.05) were excluded from further analysis. Genotype and allele frequencies of cases and controls were evaluated with w 2 -test using the PLINK v1.07 whole-genome data analysis toolset (http://pngu.mgh.harvard.edu/Bpurcell/plink/). The odds ratios of associations were calculated with 95% confidence intervals. Genotype frequencies were further analyzed by three genetic models: additive, dominant and recessive. Epistasis among the SNPs was assessed by logistic regression using PLINK v1.07. Haplotype analysis was carried out with Haploview software v4.2 (http://www.broadinstitute.org/haploview). Power analysis was performed using Quanto version 1.2 (http://hydra.usc.edu/GxE/). The Bonferroni correction was applied for multiple testing. P-values (corrected for multiple testing by Bonferroni correction) o0.05 were considered statistically significant.
RESULTS
The characteristics of all the subjects are shown in Table 1 . There were no significant differences between the pSS patients and controls with regard to the mean age or sex distribution. With the detected minor allele frequency of the participants in our study and the prevalence of pSS set at 0.33%, power calculations indicated that our sample size had 480% power (a ¼ 0.05) to detect associations with odds ratio X1.4 for the SNPs in TNFSF4 and FAM167-BLK, and odds ratio X1.6 for the SNPs in TNFAIP3 (Supplementary Table 1 ). The rs1234315 SNP in the TNFSF4 gene region deviated from HWE in the control group (Po0.05) and was excluded from subsequent analysis. The remaining nine SNPs from the three genes were in HWE and produced genotyping rates 493%. The accuracy was 100% as 50 samples were duplicate genotyped and the results were consistent. TNFSF4, TNFAIP3, FAM167A-BLK and pSS F Sun et al
For the TNFSF4 region, only rs2205960 showed a suggestive association with pSS (P ¼ 0.026; Table 2 ) when genotype frequencies were analyzed. For the TNFAIP3 gene, neither of the two SNPs (rs5029939 and rs2230926) showed significant differences in allele or genotype frequencies between cases and controls (all, P40.05; Table 2 ). For the FAM167A-BLK gene region, the genotype frequencies of rs7812879 and rs2254546 SNPs showed associations with pSS (P ¼ 0.005 and 0.010, respectively; Table 2 ). In addition, the rs2618479 SNP showed a trend for association with pSS (P ¼ 0.072; Table 2 ). No association with pSS was found for the fourth FAM167A-BLK SNP, rs2248932 (all, P40.05). However, none of the observed associations for any of the SNPs, with the exception of FAM167A-BLK rs7812879 (Pa ¼ 0.045), retained statistical significance after Bonferroni correction.
All three of the SNPs (rs2205960, rs844648 and rs704840) in TNFSF4 showed differences in genotype frequency between cases and controls under the dominant model (all, Po0.05; Table 3 ). None of the three genetic models showed any significant differences for the SNPs of TNFAIP3 (all, P40.05; Table 3 ). For SNPs (rs7812879, rs2254546 and rs2618479) in FAM167A-BLK, weak associations were also observed under the dominant model (all, Po0.05; Table 3 ). However, none of the P-values remains o0.05 after applying the Bonferroni correction.
Considering that most pSS patients are female, we removed all of the data for the male patients in the cases and controls and re-performed the analyses on the female patients only, but the results were similar (data not shown). Furthermore, the haplotype formed by the SNPs showed no statistically significant associations with pSS (all, P40.05; Table 4 ). Finally, we investigated epistasis among the nine SNPs from TNFSF4, TNFAIP3 and FAM167A-BLK (Table 5 ) according to the recent evidence for potential functional interaction among disease-susceptibility genes. 28, 29 However, no evidence of intermolecular epistatic interactions was found (all, P40.05; Table 5 ). Abbreviations: CI, confidence interval; OR, odds ratio; Pa, P-value adjusted for Bonferroni's correction (Pa ¼ P-value Â 9); SNP, single-nucleotide polymorphism. TNFSF4, TNFAIP3, FAM167A-BLK and pSS F Sun et al
DISCUSSION
The current study represents the largest genetic association study performed in pSS to date and the first to test the association of TNFSF4, TNFAIP3 and FAM167A-BLK polymorphisms with pSS in a non-caucasian population. We chose to investigate the genetic contribution of TNFSF4, TNFAIP3 and FAM167A-BLK to pSS based upon the putative roles of each of these genes' products in aberrant T-/B-cell activation in pSS and their confirmed association with autoimmune diseases. Although frequencies of the risk alleles reported in pSS or other autoimmune diseases also increased in the patients of pSS in our study, [11] [12] [13] [14] [17] [18] [19] [20] no evidence of TNFSF4 or TNFAIP3 SNPs were found being closely associated with pSS, and only association with pSS for one of the SNPs of FAM167A-BLK. The TNFSF4 gene-encoded cytokine is expressed on the surface of antigen-presenting cells. Binding of TNFSF4 to its cognate receptor TNFRSF4 (also known as OX40 and CD134) regulates cytokine production from various immune cells. In addition, the intracellular regions of TNFRSF4 associate with TNF receptor (TNFR)-associated factors that can complex with the inhibitor of nuclear factor-kB (NFkB), thereby allowing activation of both canonical and non-canonical NF-kB signaling pathways. 30 In our study, departure from HWE precluded our ability to perform pSS correlation analyses for the rs1234315 SNP of the TNFSF4 gene region. Given the strong association of TNFSF4 with pSS in a Caucasian population and with other autoimmune diseases, it is possible, if not likely, that TNFSF4 confers risk to pSS in our study population. Analyses of the other three TNFSF4 SNPs (rs2205960, rs844648 and rs704840) indicated a suggestive association with pSS for the genotype frequency of rs2205960, and marginal association for all three under the genetic dominant model. However, these associations did not meet the standard of multiple testing. Therefore, we consider that these three SNPs in TNFSF4, which are known to be associated with other autoimmune diseases, may not be related to the susceptibility for pSS in our population. We presume that differences in genetic background between pSS and other diseases, as well as the potential genetic heterogeneity among different populations, may account for these results.
The TNFAIP3 gene encodes a de-ubiquitination protein known as A20, which can negatively regulate NF-kB signaling in response to multiple stimuli and protect cells against tumor necrosis factorinduced programmed cell death. 31 Studies have suggested that TNFAIP3 is a key negative regulator of tumor necrosis factorinduced NF-kB signaling pathways in autoimmune diseases. However, in the Han Chinese population of the current study, TNFAIP3 SNPs did not exhibit significant association with pSS. Although Musone et al. 32 reported that rs2230926 was significantly associated with Sjogren's syndrome, it should be noted that the patients in their study were affected by two or more individual autoimmune diseases. Thus, rs2230926 and rs5029939 may in fact be related to a range of autoimmune diseases but not to pSS in particular. Furthermore, fundamental differences may exist in the TNFAIP3-related genetic pathogeneses of pSS and other autoimmune diseases. It is also important to note that in the current study, the GG genotype frequencies of rs2230926 and rs5029939 were too small to perform analyses based on the dominant and recessive genetic models. Future studies using larger sample sizes should be carried out to confirm this result.
The function of the protein encoded by FAM167A (C8orf13) is unknown. BLK, however, is known to encode a non-receptor tyrosine kinase of the src family that has expression highly restricted to B cells. 33 The BLK protein has roles in B-cell receptor signaling and B-cell development. 34 B lymphocytes are key contributors to the pathogenesis of pSS, functioning as the major effectors of autoantibody production, hypergammaglobulinemia and mediating an increased risk for development of B-cell lymphomas. 35, 36 In our study, the association with pSS was only found when the genotype frequencies of rs7812879, rs2254546 and rs2618479 were directly analyzed or were analyzed under the dominant model. Only the genotype frequency difference of rs7812879 remained significant after TNFSF4, TNFAIP3, FAM167A-BLK and pSS F Sun et al
Bonferroni correction, which suggests that rs7812879 may indeed be a susceptibility factor of pSS. It should be noted that the SNPs we chose in our study were different from those in the study by Nordmark et al. 12 The SNPs in our study are those with the strongest associations with SLE in the Chinese population. Because the SNPs in our study did not show strong associations with pSS, future studies should assess whether other SNPs in FAM167A-BLK are associated. Despite the facts that both TNFSF4 and TNFAIP3 interact with the NF-kB signaling pathway and that a recent study has indicated that BLK has an interactive effect with TNFSF4 in Chinese SLE patients, 28 no evidence was found of a potential interaction between the examined SNPs of these genes and pSS in this study. This finding may be due to the lack of association between pSS and TNFAIP3 and/or the weak associations between TNFSF4 and FAM167A-BLK and pSS. In addition to differences in the genetic background of diseases and the limited sample size, another possible explanation may account for our results, that is, the SNPs in this study do not represent the general pSS disease but specific phenotypes that we were underpowered to assess, as our previous study have revealed that some SLE SNPs were correlated with certain clinical subtypes of the disease. 37 In summary, the strong correlations that have been observed between TNFSF4, TNFAIP3 and FAM167A-BLK and other autoimmune diseases do not exist or are very weak for pSS in the Han Chinese population of our study. Although our study is the largest genetic association study performed to date for pSS, it is still limited and more research is required to understand the associations of TNFSF4, TNFAIP3 and FAM167A-BLK with pSS.
